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Infectious conjunctivitis is no longer a common eye disease in cities and developed areas, but in remote mountainous regions 
of China where living conditions are relatively under-developed, the occurrence of infectious conjunctivitis remains a public 
health issue. Here, we evaluate the ratio of infectious conjunctivitis among primary school students in the rural areas of 
Xunhua, Huangyuan, and Huzhu Counties in the Qinghai province of China, and report the microorganisms involved in caus-
ing infection. Of the 765 eligible primary school students, 694 participated to this study (a response rateof 90.7%), 381 boys 
and 313 girls, with a mean age of 7.52 years (range 7–9 years). A clinical diagnosis of infectious conjunctivitis was returned 
for 238 of the 694 children examined. The ratio of infectious conjunctivitis in Xunhua County (46.64%) was higher compared 
to that in Huangyuan (26.67%; P=0.03) and Huzhu Counties (23.61%; P=0.02). The leading cause of conjunctivitis was bacte-
rial, followed by chlamydial and viral. Our results show that there is a high ratio of infectious conjunctivitis among rural pri-
mary school students in Qinghai province. 
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Conjunctivitis is a common ocular surface disease that is 
often divided into two types: infectious and non-infectious 
(Xu and Huang, 2002). Infectious conjunctivitis— 
particularly bacterial and chlamydial—is no longer common 
in cities and developed areas (Azari and Barney, 2013). In 
the remote mountainous regions of China where living con-
ditions are relatively under-developed, infectious conjuncti-
vitis remains a public health issue (Zhang et al., 2014). 
Children in crowded schools are particularly vulnerable to 
the spread of this disease and so the initiation of appropriate 
public health measures relies on knowledge of the ratio of 
infectious conjunctivitis in this population. The objective of 
this study was to evaluate the ratio of infectious conjuncti-
vitis in the mountainous rural areas of the Qinghai province 
and to determine the microorganisms responsible for infec-
tion.  
RESULTS 
Of the 765 students registered in the selected primary 
schools, and therefore eligible to participate, 694 were ex-
amined for a response rate of 90.7%. 71 students were ex-
cluded due to a lack of informed consent or time to partici-
pate because of schoolwork. Boys made up 54.89% of par-
ticipants (n=381), while 45.11% were girls (n=313). The 
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mean age of participants was 7.52 years with a range of 7–9 
years. Only 68 (8.93%) students’ visual acuity was less than 
1.0. 
Among 694 students, infection conjunctivitis was diag-
nosed in 238 (34.3%) of the study subjects; the infection 
ratio was 46.6% (139 cases) in Xunhua County, signifi-
cantly higher than that in Huangyuan county at 26.7% (48 
cases) and in Huzhu County at 23.6% (51 cases) (2=4.142, 
P=0.03 and 2=6.198, P=0.02, respectively). Among those 
students with infectious conjunctivitis, bacterial conjuncti-
vitis was diagnosed in 213 cases, chlamydial conjunctivitis 
was seen in 24 cases, and viral conjunctivitis in one case. 24 
cases were clinically diagnosed as active trachoma, with 20 
cases in the trachoma follicular (TF) and four in the tra-
choma intense (TI). 
Examples of conjunctivitis are shown in Figure 1. Bacte-
rial conjunctivitis (Figure 1A) was bilateral in 196 of the 
213 diagnosed cases. Only one child had adenoviral con-
junctivitis (Figure 1B), and this case was bilateral with an 
enlarged pre-auricular gland. All cases diagnosed as tra-
choma, the TF (Figure 1C) or (Figure 1D), were bilateral. 
Corneal involvement and neovascularization were not de-
tected in any child. 
Specimens were collected for bacterial culture from bin-
ocular conjunctival cul-de-sacs of the 213 students diag-
nosed with bacterial conjunctivitis. Of these, 153 cases 
(72%) had a positive result for bacterial culture. A total of 
251 bacterial strains were isolated: 114 (45.42%) 
Gram-positive cocci, 26 (10.36%) Gram-positive bacilli, 3 
(1.20%) Gram-negative cocci, and 108 (43.02%) Gram- 
negative bacilli. The most frequently isolated bacteria were 
Corynebacterium macginleyi (21.5%), coagulase-negative 
Staphylococcus (21%), Moraxella bacillus (12%), Micro-
bacterium (10%) and Haemophilus influenzae (8.7%) (Ta-
ble 1). In the 213 patients with bacterial conjunctivitis, two 
strains of different bacteria were isolated in 53 patients, and 
three strains were foundin 13 cases. 
The 88 most frequent Gram-positive strains isolated from 
patients with bacterial conjunctivitis, as well as 55 strains of 
Gram-negative bacteria were used for antimicrobial sensi-
tivity testing (Figure 2). Sensitivity to levofloxacin, tobra-
mycin, azithromycin, and ampicillin was 98.3%, 82.9%, 
72.9%, and 71.5%, respectively, for Gram-positive bacteria, 
and 85.7%, 78.5%, 76.9%, and 64.0%, respectively for 
Gram-negative bacteria. 
Ofthe 24 patients with a clinical diagnosis of chlamydial 
conjunctivitis, 22 cases (92%) were positive for the Chla-
mydia trachomatis PCR test. The TI phase had a higher 
positivity rate (99.5%) than the TF (75.0%), but this was not 
statistically significant (2=2.125, P=2.125). Of these 22 
positive cases, 18 (82%) were also positive for bacterial 
culture, which detected H. influenzae, C. macginleyi, and 
coagulase-negative Staphylococcus. At least two strains of 
bacteria were identified in 11 chlamydial conjunctivitis 
cases.  
An adenovirus multiplex nested PCR test was conducted 
in all of the 213 conjunctivitis specimens. One case diag-
nosed as adenoviral conjunctivitis returned a positive result 
in both eyes. 
DISCUSSION 
Conjunctivitis is the most common ocular surface disease, 
especially in children (Dominique et al., 2010). There are 
more than 6 million patients diagnosed with acute conjunc-
tivitis in the United States each year, with the cost of treat-
ing bacterial conjunctivitis alone estimated at $380–860 
million per year (Smith and Waycaster, 2009; Udeh et al., 
 
 
Figure 1  Images of infectious conjunctivitis. A, Bacterial conjunctivitis. B, Adenoviral conjunctivitis. C, TF. D, TF and TI. 
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Table 1  Distribution of pathogenic isolates in patients with bacterial conjunctivitis 
Name of the bacteria Number of strains Percentage of the total bacteria (%) 
Gram-positive cocci 114 45.42 
Coagulase-negative Staphylococcus 53 21.12 
Streptococcus pneumoniae 20 7.97 
Staphylococcus aureus 15 5.98 
Micrococcus 12 4.78 
Streptococcus mitis 5 1.99 
Oral Streptococcus 5 1.99 
Streptococcus agalactiae 4 1.59 
Gram-positive bacilli 26 10.36 
Microbacterium 26 10.36 
Gram-negative bacilli 108 43.02 
Corynebacteriummacginleyi 54 21.51 
Moraxella bacillus 32 12.75 
Haemophilusinfluenzae 22 8.76 
Gram-negative cocci 3 1.20 
Moraxella catarrhalis 2 0.80 
Neisseria meningitidis 1 0.40 
 
 
Figure 2  Drug sensitivity of isolated pathogens to common antibiotics. 
2008). Many US state health departments require students 
to be treated with topical antibiotic eye drops before return-
ing to schoolirrespective of the underlying cause of con-
junctivitis (Azari and Barney, 2013). Industrialized coun-
tries place great importance on children’s infectious con-
junctivitis. With the development of the Chinese economy, 
infectious diseases—including infectious conjunctivi-
tis—are no longer major public health problems, but moni-
toring the ratio of infectious conjunctivitis remains para-
mount in rural or remote mountainous areas lacking water 
and medical supplies (Wei, 2011). Therefore, this study 
focused on the ratio of infectious conjunctivitis in children 
in the rural mountainous regions of the Qinghai province, 
and the distribution of the responsible microorganisms. 
In rural areas of the Qinghai province, the ratio of infec-
tious conjunctivitis in children was 34%, significantly high-
er than that observed in American children (13.5%) 
(Ohnsman, 2007), and also higher than the rate in 
pre-school aged students in the rural and suburban areas of 
Beijing (22.59%), reported in a study of 50,000 students 
(Xiang et al., 1997). The higher ratio in this region is prob-
ably associated with poor hygienic practices and local med-
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ical conditions. Although we cannot get detailed data about 
water resources in this remote area, we found that students 
did not have sufficient amounts of clean water to wash their 
faces or hands, and the faces and hands of 80% of the stu-
dents were dirty. Our findings indicate that infectious con-
junctivitis is still a frequently occurring infection in Chinese 
children, particularly in rural areas, but even in urban loca-
tions. It is necessary for medical practitioners and teachers 
to educate students and their parents about simple preven-
tion steps, such as proper hand washing with flowing water, 
and that medical treatment should be sought quickly if con-
junctivitis is suspected.  
Our data showed that bacterial infection was the most 
frequent form of infectious conjunctivitis, consistent with 
the findings of Alfonso et al (Alfonso et al., 2015). The 
common isolates in this study, C. macginleyi and coagu-
lase-negative Staphylococcus, differed from those isolated 
in the United States (H. influenza and Streptococcus pneu-
monia) (Mah, 2006). Coagulase-negative Staphylococci are 
the most frequent microorganisms causing infectious con-
junctivitis in children, followed by coryneform bacteria and 
entero bacteria (Cao et al., 2010). This may be due to ex-
ternal environmental conditions, and more opportunities for 
the conjunctival sacs of human eyes to become infected by 
these bacteria. Most of the isolated bacteria were sensitive 
to common antibiotics (levofloxacin, tobramycin, and 
azithromycin). 
In this study, one case of adenoviral conjunctivitis was 
diagnosed. Hospital-based investigations of acute conjunc-
tivitis showed that viral conjunctivitis was highly prevalent, 
accounting for 80% of acute conjunctivitis cases in the 
United States (Kaufman, 2011). However, in this school- 
based survey, this trend was not seen because students gen-
erally had medical treatment for acute onset. The student 
diagnosed with adenoviral conjunctivitis had not been seen 
by an ophthalmologist and maintained close contact with his 
classmates. It is therefore of utmost importance to provide 
health education with regards to personal hygiene as well as 
the prevention and treatment of infectious diseases in rural 
areas. 
Trachoma is a blinding eye disease caused by C. tra-
chomatis infection. Before the liberation of China, the av-
erageratio of trachoma was about 55%, and as high as 
80%–90% in remote rural areas (Wang et al., 2015). Fol-
lowing decades of effort, in the previous epidemiological 
investigation, TF among primary school students in Qinghai 
province was less than 5%, but there were still some spo-
radic cases. Our study found several trachoma students 
without corneal complications, all of cases with TF or TI. 
Reaching the goal of eliminating blinding trachoma does 
not mean that China has no trachoma cases (Wang and Hu, 
2015). The results of our study required our continuing in-
tervention promoted by the surgery, antibiotics, facial 
cleanliness, and environmental improvements (SAFE strat-
egy). 
Three counties representing different economic and 
health statuses were selected using a stratified sampling 
method. Huangyuan County, located in the southeast of 
Qinghai Lake, isat the boundary between the agricultural 
and pastoral areas of Qinghai, with better economic condi-
tions and school buildings, as well as plenty of drinking and 
washing water for students. The primary school of Galeng 
village in Xunhua County is located at an elevation of more 
than 3,000 meters and surrounded by mountains, lacking 
water and education in good hygiene practices. The ratio of 
infectious conjunctivitis in Xunhua County was significant-
ly higher than that in Huangyuan County and Huzhu Coun-
ty, so it is imperative to provide a clean water supply, de-
velop good hygiene practices, and generally strengthen 
health consciousness, so as to prevent the onset of infectious 
conjunctivitis (Yang et al., 2013). 
In conclusion, infectious conjunctivitis for children at-
tending school in remote rural mountainous areas is still a 
major public health concern. This data should encourage 
local medical institutions to take appropriate preventative 
measures to control infectious conjunctivitis. We recom-
mend that educational and health institutions provide some 
instructions on infectious conjunctivitis and using good hy-
gienic practices to children in underserved areas. This will 
not only have an effect on infectious conjunctivitis, but will 
also likely positively impact general health as well.  
MATERIALS AND METHODS 
Sample size 
The reported ratio of infectious conjunctivitis (24.6%) in 
children attending school in the city of Changzhou (Hebei 
province) was used to calculate the sample size (Yang et al., 
2014) using the formula n=Zp(1p)/B2, where Z is 1.96 for 
95% confidence level, p is the percentage of infectious 
conjunctivitis ratio (24.6%) and B is the confidence interval 
(Stokes and Allor, 2016). An appropriate sample size of 760 
was obtained. 
Selectionof province and schools 
The Qinghai province includes a prefecture-level city (Xi-
ning city), one region (Haidong region), and six ethnic au-
tonomous prefectures consisting of 37 counties. We created 
a stratified random sample using four steps: (i) Counties 
were selected based on different levels of economic and 
cultural development (high level: Huangyuan County; ordi-
nary: Huzhu County; and low level: Xunhua County). (ii) In 
each county, two elementary schools were randomly se-
lected with consecutive numbers. (iii) We listed all of the 
students aged 7–12 years in the target school; and (iv) Cal-
culated the proportionate stratification. Samples involved 
324, 199, and 242 cases from Xunhua County, Huangyuan 
County, and Huzhu County, respectively, for a total of 765 
subjects. 
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Clinical examination and microbiological test  
This study was performed from May to December of 2015, 
and was approved by the ethics committee of Beijing Ton-
gren Hospital, Capital Medical University (No. TRKY- 
032). All students had resided in the Qinghai region for 
more than six months. The parents or legal representatives 
of the students were informed ofthe purpose of this study 
and provided informed consent, and assisted the studentsin 
providing demographic information and medical history. 
Students having used antibiotic eye drops for up to 3 d prior 
to the investigation were excluded from the study. The in-
vestigation included two phases: on-site inspection (clinical 
examination and specimen sampling) and laboratory exam-
ination (Figure 3). 
The diagnosis of infectious conjunctivitis and subsequent 
sample collection were performed by qualified medical 
professionals from Beijing Tongren Hospital, who were 
trained in the diagnosis and laboratory investigation of con-
junctivitis by specialists from World Health Organization 
(WHO). 
Clinical examination included eliciting the subjective 
symptoms of conjunctivitis (foreign body sensation, photo-
phobia, red eyes, excessive tearing, and discharge). This 
was followed by standardized visual acuity testing and slit 
lamp examination of the eyelids, conjunctiva, and cornea. 
The presence of discharge, vascular congestion, edema, size 
and number of papillae and follicles, and presence of palpe-
bral conjunctiva scarring were evaluated and recorded. The 
cornea was examined for transparency, neovascularization, 
and the presence of infiltrates and edema.  
In patients with a clinical diagnosis of conjunctivitis, 
samples for bacterial isolation were obtained from the upper 
palpebral conjunctiva and lower conjunctival sac of both 
eyes. The four samples obtained from each child were con-
tained separately during transportation. The specimens col-
lected from the upper palpebral conjunctiva were used for 
C. trachomatis PCR while those from the lower conjuncti-
val sac were used for bacterial culture and adenovirus mul-
tiplex nested PCR detection. 
Diagnostic criteria 
The diagnosis of bacterial conjunctivitis was based on: (i) 
unilateral or bilateral palpebral or bulbar conjunctival con-
gestion or edema; (i) mucus or mucopurulent discharge in 
the involved eye; (ii) positive bacterial culture (Gong et al., 
2010). Both criteria (i) and (ii) were required to make a 
clinical diagnosis of conjunctivitis.  
The diagnosis of trachoma based on WHO recommenda-
tions is shown in Table 2; the five major signs issued by 
WHO in 1987 were used as diagnostic and grading criteria 
for trachoma in this study (Wang and Hu, 2014). 
The diagnosis of viral conjunctivitis was based on: (i) an 
acute onset disease with pain and/or discomfort in the eye, 
photophobia, tearing usually involving one eye at first and 
then the second 3–5 d later. (ii) Palpebral conjunctiva con-
gestion, edema, follicular hyperplasia, and subconjunctival 
hemorrhage if present; (iii) Serous secretion and (iv) 
pre-auricular lymph node enlargement. Criteria i, ii and iii 
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Figure 3  Epidemiological investigation of infectious conjunctivitis among children in rural areas of the Qinghai province. 
 Liang, Q., et al.     Sci China Life Sci    June (2016) Vol.59 No.6 553 
Table 2  Simplified WHO trachoma grading system 
Grade Clinical signs 
Trachomatous inflammation follicles (TF) Five or more follicles of > 0.5 mm on the upper tarsal conjunctiva 
Trachomatous inflammation intense (TI) Inflammatory thickening obscuring more than half the normal deep tarsal vessels 
Trachomatous conjunctival scarring (TS) The presence of easily visible scars in the tarsal conjunctiva 
Trachomatous trichiasis (TT) At least one eyelash rubbing on the eyeball or evidence of recent removal of in-turned eyelashes 
Cornea opacity (CO) Opacity of the cornea involving part of the pupil margin 
 
Laboratory testing 
The isolation and identification of bacteria were carried out 
according to the national guide to clinical laboratory proce-
dures (Yan et al., 2009) and ATB identification strips pro-
vided by BioMerieux (France) were used for identification 
of strains. Etest was employed as drug sensitivity test for 
the major pathogenic bacteria obtained on culture. The anti-
biotics used for the drug sensitivity test included levofloxa-
cin, tobramycin, azithromycin, ampicillin, erythromycin, 
clindamycin, and aztreonam (Yan et al., 2009). 
Reagent kits (genomic DNA from tissue kits, Ma-
cherey-Nagel, Germany) were used to extract the DNA of 
C. trachomatis. DNA from the C. trachomatis endogenous 
plasmid was PCR-amplified using primers designed from 
those referenced in the literature (Kapil et al., 2015). 
DNAZOL reagent kits (Invitrogen, USA) were used to 
extract adenovirus DNA from conjunctivitis specimens and 
standard strains. 20 μL of NaOH (8 mmol L1) was used to 
dissolve DNA, which was then amplified twice by multi-
plex nested PCR, and the bands of amplified DNA were 
observed under a UV lamp (Deng et al., 2007; Morozumi et 
al., 2014). 
Statistical methods 
SPSS 17.0 (SPSS Inc., USA) was used for statistical analy-
sis. The 2 test was used for comparison of proportions, and 
single factor and multi-factor analysis of variance 
(ANOVA) were used to analyze the measurement data. 
P<0.05 was considered as statistically significant.  
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